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Abstract

Background Fluconazole (FLCZ) inhibits cytochrome P450 (CYP) 2C9, 2C19, and 3A4 and has a drug-drug interaction
that potentiates the effects of warfarin and prolong the prothrombin time-international normalized ratio (PT-INR).
Although a drug-drug interaction have been reported between FLCZ and warfarin, the effects of the timing of their
administration on this interaction have not yet been investigated.

Case presentation A female patient in her 30s with Marfan syndrome had undergone the Bentall procedure with a
mechanical valve and total arch replacement for acute aortic dissection Stanford A type and rupture of the ascending
aorta. Warfarin was administered to prevent thromboembolism. She was hospitalized 1 year ago for graft infection
caused by Candida albicans, and treatment with FLCZ was initiated. She received FLCZ 200 mg once a day in the
morning and warfarin 1.75mg once a day in the evening, and the PT-INR remained stable at approximately 2.0 and
within the therapeutic range. However, 42 days after changing the timing of administration of warfarin from evening
to morning, the PT-INR was prolonged by approximately 3-fold to 6.25. The PT-INR then decreased to the previous
level by changing the timing of administration of warfarin from morning to evening.

Conclusions The timing of administration of FLCZ and warfarin may affect the magnitude of drug-drug interaction.
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Background

Fluconazole (FLCZ) is an azole antifungal drug that is
primarily used to treat infections caused by Candida and
Cryptococcus species. Warfarin is an anticoagulant that
is used to prevent and treat thromboembolism following
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valve replacement surgery, atrial fibrillation, and pulmo-
nary embolism. FLCZ potentiates the effects of warfarin
by inhibiting the drug-metabolizing enzyme cytochrome
P450 (CYP) 2C9, resulting in a drug-drug interaction that
prolongs the prothrombin time-international normal-
ized ratio (PT-INR). Although the drug-drug interaction
between FLCZ and warfarin has been examined [1], the
effects of the timing of their administration on this drug-
drug interaction currently remain unclear [2-8]. We
herein present a case in which the PT-INR was markedly
prolonged after changing the timing of the administra-
tion of FLCZ and warfarin from morning and evening,
respectively, to simultaneous morning administration.
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Case presentation

The patient was a female in her 30s with Marfan syn-
drome who had undergone the Bentall procedure with
a mechanical valve and total arch replacement for
acute aortic dissection Stanford A type and rupture of
the ascending aorta. She was administered warfarin to
prevent thromboembolism. The dose of warfarin was
5-7 mg per day, which controlled the PT-INR at 1.8-2.4.
One year ago, the patient underwent total arch replace-
ment surgery for a suspected prosthetic vascular infec-
tion of unknown origin, but developed a postoperative
aortoesophageal fistula and mediastinitis caused by
Candida albicans. After continuous lavage and endo-
scopic-assisted esophagectomy (esophagostomy and
gastrostomy), the patient was discharged home with
infection controlled by continuous suction therapy and
fluconazole administered via gastrostomy.

After discharge from the hospital, the patient visited
the outpatient clinic every month. Table 1 shows the
medications the patient was taking during outpatient
visits. Capsules were decapsulated and tablets were
crushed and administered via gastrostomy as follows:
FLCZ 200mg once a day in the morning and warfarin
1.75mg once a day in the evening. The PT-INR was stable
at approximately 2.0 and within the therapeutic range
(Fig. 1). In an outpatient visit, the attending physician
did not change the dosage of warfarin, but changed the
timing of its administration to the morning, which was
concurrent with FLCZ, in order to improve medication
compliance. In an outpatient visit 42 days later, there was
no apparent bleeding event; however, the PT-INR was
prolonged by approximately 3-fold to 6.25. Therefore, the
patient was urgently admitted to the hospital on the same
day. Warfarin was discontinued, intravenous vitamin
K 5mg was administered, and the PT-INR decreased
to 1.77 the day after admission. The administration of
warfarin 1 mg once a day in the evening was resumed
and the patient was discharged on the second day of
admission. In an outpatient visit 6days later, a decrease
in the PT-INR to 1.58 was observed; therefore, the dose
of warfarin was increased to 1.75mg once a day in the

Table 1 Medications taken in outpatient visits
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evening, the same dose as that before the marked increase
in the PT-INR. Thereafter, the PT-INR decreased to the
original level of approximately 2.0 and remained stable
for more than 6 months.

Discussion and conclusions

We encountered a case in which the PT-INR was
markedly prolonged by the combination of FLCZ and
warfarin when both drugs with different dosing timings
were switched to simultaneous administration. Since this
patient had undergone mechanical valve replacement
and was at high risk of thromboembolism, permanent
anticoagulation with warfarin was recommended
[9]. In the period after the Bentall procedure with a
mechanical valve 5years ago and before starting the
combination of FLCZ, the PT-INR was controlled at
1.8-2.4 with warfarin 5 to 7mg per day in the evening.
After the combination of warfarin with FLCZ 200mg,
the PT-INR was maintained at a dose of 1.75mg of
warfarin. The blood half-life of warfarin is 36.3+3.5h,
as previously reported by Vesell et al. [10], while that of
FLCZ is approximately 31h [11]. Since both drugs are
administered once a day and the patient was in a steady
state of continuous daily administration, a drug-drug
interaction between the two drugs had clearly occurred.
Previous studies reported the prolongation of the PT-INR
and gastrointestinal hemorrhage [2], epistaxis, gingival
hemorrhage, mottling of the extremities [4], intraocular
hemorrhage [6], and retropharyngeal hematoma with
marked narrowing of the glottis [8]. However, the timing
of administration of the two drugs was not described,
and the effects of their timing on the PT-INR was not
known. Warfarin exerts its anticoagulant effect by
inhibiting the biosynthesis of vitamin K-dependent
coagulation factors II (prothrombin), VII, IX, and X in
the liver. Therefore, the action of warfarin is affected by
the intake of vitamin K, and the PT-INR may change
depending on its amount in the diet [12]. However, since
this patient had undergone esophagectomy, nutrition was
provided by tube feeding through gastrostomy and not by
oral intake. The type and dosage of tube feedings during

Drug administered Dose Frequency and Timing

Warfarin Granules 1.75mg once a day in the evening (before the change in
the timing of administration)

Fluconazole capsule 200mg once a day in the morning

Bisoprolol fumarate tablet 25mg once a day in the morning

Bonoprazan tablet 10mg once a day in the morning

Metoclopramide tablet 5mg once when nauseous

RACOL-NF® Semi Solid for Enteral Use 2 packs 3 times a day in the morning, noon, and evening
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Days after changing to simultaneous administration of FLCZ and warfarin

Fig. 1 FLCZ and warfarin dosages and the PT-INR before and after the change in the timing of warfarin administration. FLCZ fluconazole,
PT-INR prothrombin time-international normalized ratio, /V: intravenous injection, Day 0 was defined as the day when FLCZ and warfarin were

changed to simultaneous administration

the periods before and after the PT-INR was markedly
prolonged remained unchanged, suggesting that food
and drink did not affect the PT-INR. There were also
no changes in concomitant medications other than
FLCZ and warfarin. The patient self-administered her
medications; she was in her 30s and was well-adherent.
There was no possibility of warfarin misadministration
based on the remaining medications she had brought
with her upon admission. Because warfarin is completely
absorbed in the stomach and proximal small intestine
[13], its absorption is unlikely to be affected by the
administration through a gastrostomy. Furthermore,
when a marked increase in the PT-INR was observed,
vitamin K was administered and the PT-INR decreased.
The warfarin dosage was subsequently returned to
1.75mg once a day in the evening before the marked
increase in the PT-INR, and the PT-INR decreased to the
original level of approximately 2.0. These results indicate
that the only cause of the markedly prolonged PT-INR
was the change from the different dosing timings of both
drugs to simultaneous dosing under the combination of
FLCZ and warfarin.

The markedly prolonged PT-INR may be attributed
to the simultaneous administration of FLCZ and

warfarin, strongly inhibiting the metabolism of
S-warfarin, which exhibits strong anticoagulant
activity among the optical isomers of warfarin

(S-warfarin and R-warfarin), due to the inhibitory
effects of FLCZ on CYP2C9, 2C19, and 3A4 in the liver
and gastrointestinal tract. Other diurnal variations
in the activities of CYP3A and CYP1A2, which are
involved in R-warfarin metabolism, were also observed,
suggesting that differences in the timing of warfarin
administration affected R-warfarin metabolism. In
addition, the variation in hepatic CYP3A activity was
observed in the range of 10% higher than average
around 15:00 and 10% lower than average around
3:00, but their magnitude was reported to be small
and of no clinical significance for drug therapy [14].
There is also a report that CYP1A2 activity differs
between morning and evening [15], but its significance
in clinical practice is unclear. Other factors may be
involved in a complex manner, and the elucidation of
these mechanism remains a future challenge.



Akamatsu et al. Journal of Pharmaceutical Health Care and Sciences

In the case of the combination of FLCZ and warfarin,
the timing of drug administration as well as drug-drug
interactions need to be considered. However, since
this is a single case report, the further accumulation of
cases is needed.

Acknowledgments
Not applicable.

Authors’ contributions

HA wrote the first draft of this manuscript. HN and JH advised on the interpre-
tation of the drug-drug interaction in this case and revised the manuscript.

IM and TM advised on the interpretation of the therapeutic course in this case
and revised the manuscript. HH, YK, and KO supervised the writing of the
manuscript. All authors read and approved the final manuscript.

Funding
No funding was received for this report.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

Written consent was obtained from the patient for this case report. This case
report is not subject to ethical review under the “Ethical Guidelines for Medi-
cal and Biological Research Involving Human Subjects”and did not require
the approval of the Nagasaki University Hospital Clinical Research Ethics
Committee.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 15 December 2022 Accepted: 23 February 2023
Published online: 01 April 2023

References

1. Kunze KL, Wienkers LC, Thummel KE, Trager WF. Warfarin-fluconazole.
I Inhibition of the human cytochrome P450-dependent metabolism
of warfarin by fluconazole: in vitro studies. Drug Metab Dispos.
1996;24:414-21.

2. Kerr HD. Case report: potentiation of warfarin by fluconazole. Am J Med
Sci. 1993;305:164-5. https://doi.org/10.1097/00000441-199303000-00006.

3. Crussell-Porter LL, Rindone JP, Ford MA, Jaskar DW. Low-dose fluconazole
therapy potentiates the hypoprothrombinemic response of warfarin
sodium. Arch Intern Med. 1993;153:102-4.

4. Baciewicz AM, Menke JJ, Bokar JA, Baud EB. Fluconazole-warfarin
interaction. Ann Pharmacother. 1994,28:1111. https://doi.org/10.1177/
106002809402800922.

5. Gericke KR. Possible interaction between warfarin and fluconazole.
Pharmacotherapy. 1993;13:508-9.

6. Mootha VWV, Schluter ML, Das A. Intraocular hemorrhages due to warfarin
fluconazole drug interaction in a patient with presumed Candida
endophthalmitis. Arch Ophthalmol. 2002;120:94-5.

7. Turrentine MA. Single-dose fluconazole for vulvovaginal candidiasis:
impact on prothrombin time in women taking warfarin. Obstet Gynecol.
2006;107:310-3. https://doi.org/10.1097/01.A0G.0000196722.13403.33.

8. de Filette J, Michiels V. Bleeding interaction between fluconazole and
warfarin. Lancet. 2018;392:¢9. https://doi.org/10.1016/50140-6736(18)
32217-7.

(2023) 9:11

Page 4 of 4

9. Japanese Circulation Society. Guideline on the management of valvular
heart disease 2020. https://www.j-circ.orjp/cms/wp-content/uploads/
2020/04/JCS2020_Izumi_Eishi.pdf. Accessed 1 Oct 2022.

10. Vesell ES, Shively CA. Liquid chromatographic assay of warfarin: similarity
of warfarin half-lives in human subjects. Science. 1974;184:466-8. https://
doi.org/10.1126/science.184.4135.466.

11. Shiba K, Saito A, Miyahara T. Pharmacokinetic evaluation of fluconazole in
healthy volunteers. Jon J Antibiot. 1989;42:17-30.

12. Violi F, Lip GY, Pignatelli P, Pastori D. Interaction between dietary vitamin
Kintake and anticoagulation by vitamin K antagonists: is it really true?: a
systematic review. Medicine (Baltimore). 2016;95:€2895. https://doi.org/
10.1097/MD.0000000000002895.

13. Kearns PJ Jr, O'Reilly RA. Bioavailability of warfarin in a patient with severe
short bowel syndrome. JPEN J Parenter Enteral Nutr. 1986;10:100-1.
https://doi.org/10.1177/0148607186010001100.

14. Tomalik-Scharte D, Suleiman AA, Frechen S, Kraus D, Kerkweg U, Rokitta
D, et al. Population pharmacokinetic analysis of circadian rhythms in
hepatic CYP3A activity using midazolam. J Clin Pharmacol. 2014;54:1162-
9. https://doi.org/10.1002/jcph.318.

15. PereraV, Gross AS, McLachlan AJ. Diurnal variation in CYP1A2 enzyme
activity in south Asians and Europeans. J Pharm Pharmacol. 2013;65:264—
70. https://doi.org/10.1111/).2042-7158.2012.01594.x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1097/00000441-199303000-00006
https://doi.org/10.1177/106002809402800922
https://doi.org/10.1177/106002809402800922
https://doi.org/10.1097/01.AOG.0000196722.13403.33
https://doi.org/10.1016/S0140-6736(18)32217-7
https://doi.org/10.1016/S0140-6736(18)32217-7
https://www.j-circ.or.jp/cms/wp-content/uploads/2020/04/JCS2020_Izumi_Eishi.pdf
https://www.j-circ.or.jp/cms/wp-content/uploads/2020/04/JCS2020_Izumi_Eishi.pdf
https://doi.org/10.1126/science.184.4135.466
https://doi.org/10.1126/science.184.4135.466
https://doi.org/10.1097/MD.0000000000002895
https://doi.org/10.1097/MD.0000000000002895
https://doi.org/10.1177/0148607186010001100
https://doi.org/10.1002/jcph.318
https://doi.org/10.1111/j.2042-7158.2012.01594.x

